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OPTIMAL ANTEROPOSTERIOR POSITION OF 
MAXILLARY INCISORS IN CAUCASIAN MALES 
VIEWED FROM A SMILING PROFILE 
 
AMER SHAMMAA D.D.S 
 
Background and Objectives:  Anteroposterior (AP) position of the maxillary incisors 
affects the harmony of  a facial profile. Different methods have been suggested to 
evaluate the maxillary incisor AP position, including cephalometric analysis and soft-
tissue analysis. Andrews suggested using a lateral smiling profile to evaluate the AP 
position of the maxillary incisors. The objective of this study was to investigate the 
optimal AP position of maxillary incisors in Caucasian males using Glabella Vertical 
(GV), a coronal plane tangent to soft tissue Glabella, as a reference line. In addition, an 
attempt was made to determine if there are differences in judged facial attractiveness 
between smiling versus repose profiles, and between dental professionals versus 
laypersons, and males versus females. 
 
Experimental Design and Methods: Smiling and repose profile photographs of 30 
randomly selected Caucasian adult males were taken in adjusted natural head position. 
The AP distance between the maxillary central incisors and GV was measured for each 
subject. A total of 36 judges (6 male orthodontists, 6 female orthodontists, 12 male lay 
judges, and 12 female lay judges) were recruited to rate the facial attractiveness of each 
subject’s photograph using a visual analog scale. The data was examined using Tukey’s 
test for multiple comparisons, ANOVA, and chi-square analysis. 
 
Results: No statistically significant difference was found in judged facial attractiveness 
among Caucasian males with various AP positions of maxillary incisors. However, a 
trend was found; incisors falling on GV were preferred by the judges, followed by 
incisors ahead of the GV, with incisors behind GV being the least preferred. A significant 
difference in facial attractiveness was found between smiling versus repose profiles, in 
particular, patients with maxillary incisors behind GV being judged less attractive. 
Orthodontic training and sex of the judges did not significantly affect the judgment of 
facial attractiveness.  
 
Conclusions: The AP position of maxillary incisors in Caucasian males might not be a 
significant factor defining face attractiveness. However, there is a tendency for the 
preferred maxillary incisor position to fall on GV, ahead of GV being less preferred, and 
behind GV being least preferred. Orthodontic training and gender does not affect 
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Facial esthetics is one of the goals of orthodontic treatment, and one of the most 
important motivating factors for patients to seek orthodontic treatment. In fact, 80% of 
adults seeking orthodontic care for themselves or their children are motivated by a desire 
to improve appearance, regardless of structural or functional consideration [1]. A 
comprehensive orthodontic clinical examination includes the evaluation of the face in all 
three plans, and evaluation of the face in profile (sagittal plane) is an integral part. Facial 
profile examination includes the assessment of the soft tissue profile, jaws, lip posture, 
and incisors prominence in the anteroposterior and vertical planes of space. The 
anteroposterior (AP) position of the maxillary incisors affects the appearance of the soft 
tissue profile and overall facial harmony and esthetics. 
 
In the orthodontic literature, different methods have been suggested to evaluate the 
maxillary incisor position, including traditional cephalometric analysis and soft-tissue 
analysis. These methods have some limitations and can be subjective and unreliable. In 
traditional cephalometric analysis, bony landmarks are used to define points and planes, 
which in turn are used to quantify anteroposterior (AP) incisor positions. However, using 
such landmarks can be unreliable because of the variability of their positions. Moreover, 
good facial esthetics have been shown to exist within a wide range of cephalometric 
values. In soft-tissue analysis,  the nose, lips and chin are used to evaluate the position of 
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the underlying teeth and jaws. Soft tissue structures, however, may not accurately convey 
the position of the underlying teeth and other hard tissue structures. Andrews rendered 
each of these landmarks as unpredictable because they are either internal and do not 
represent the external soft tissue, they are on areas that are still growing such as the nose, 
or they are likely to move during the course of the treatment [2]. In the Six Elements 
philosophy, Andrews suggested using the forehead as a landmark to evaluate the 
anteroposterior (AP) position of the maxillary incisors. He believed that there is a critical 
relationship between the maxillary incisors and the forehead and that attractive faces 
share a harmony between the two points regardless of ethnicity, gender, or age [2]. 
Andrews suggested that the ideal anteroposterior (AP) position of the maxillary central 
incisors is located on the GALL (Goal Anterior Limit line).  
 
In a typical orthodontic profile examination, the maxillary incisors are not routinely 
evaluated in smiling profile view. Instead, the repose profile view is used. Andrews 
stressed the importance of using smiling profile, rather than repose profile, to evaluate the 
anteroposterior (AP) position of the maxillary central incisors. The rationale of this 
method is to assess the maxillary incisors relationship to the face directly, instead of the 
unpredictable method of relying on the soft tissue drape to reflect the incisors position 
indirectly [3].  
 
Some researchers think that the ideal range of the maxillary incisors anteroposterior (AP) 
position can be affected, like most other standard references in orthodontics, by race and 
gender of the individual. Also, the training of the evaluator might play a role. For 
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example, orthodontists are expected to be more educated and experienced in profile 
assessment than the lay public. This study, we tries to shed light on these issues. The 
purpose of this study is to evaluate the anteroposterior (AP) position of the maxillary 
incisors in relation to a Glabella Vertical reference in Caucasian adult males, and assess if 
orthodontic training and sex of the evaluator affect the judgment of the esthetically 
optimal anteroposterior (AP) position of the maxillary central incisors. 
 
Statement Of The Problem:  
Orthodontists might agree on treatment objectives (straight teeth, balanced facial form, 
good jaws relationship, mutually protected occlusion, healthy periodontium, stability), 
but not on treatment objectives [4]. In the era of evidence based orthodontic, there is a 
fundamental need for reliable landmarks to use for measurement, diagnosis, treatment, 
and communication. The ideal ranges can be affected by race and gender of the 
individual. Sex, training, and cultural background of the evaluator may also affect the 
judgment. There is no current research that identifies the most esthetically optimal 
anteroposterior (AP) position of the maxillary incisors in Caucasian males from a smiling 
profile view relative to the Glabella Vertical reference.  
 
Purpose Of The Study:  
The purpose of this study was:  
1. To investigate the most esthetically optimal anteroposterior (AP) position of the 
maxillary incisors in Caucasian males as judged from a smiling profile view.   
2. To investigate how this position is related to a Glabella Vertical (GV) reference..  
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3. To investigate if there is difference in judged attractiveness from smiling profile view 
versus repose profile view. 
4. To investigate if orthodontists and laypeople judges agree upon judgment of the most 
esthetic anteroposterior (AP) position of the maxillary incisors in Caucasian males.  
5. To investigate if male and female judges agree upon judgment of the most esthetic 
anteroposterior (AP) position of the maxillary incisors in Caucasian males. 
6. To investigate if raters have a consistent and reproducible judgment of the most 




1. There is no difference in judged facial attractiveness of Caucasian males between 
smiling profiles and repose profiles. 
2. There is no difference in judged facial attractiveness in smiling profile of Caucasian 
males with various anteroposterior (AP) positions of the maxillary incisors relative to 
Glabella Vertical (GV). 
3. There is no difference between male versus female judgment of facial attractiveness 
of Caucasian males with various anteroposterior (AP) positions of the maxillary 
incisors relative to Glabella Vertical (GV). 
4. There is no difference between orthodontist versus layperson judgment of facial 
attractiveness of Caucasian males with various anteroposterior (AP) positions of the 




1. There is a difference in judged facial attractiveness of Caucasian males between 
smiling profiles and repose profiles. 
2. There is a difference in judged facial attractiveness in smiling profile of Caucasian 
males with various anteroposterior (AP) positions of the maxillary incisors relative to 
Glabella Vertical (GV). 
3. There is a difference between male versus female judgment of facial attractiveness of 
Caucasian males with various anteroposterior (AP) positions of the maxillary incisors 
relative to Glabella Vertical (GV). 
4. There is a difference between orthodontist versus layperson judgment of facial 
attractiveness of Caucasian males with various anteroposterior (AP) positions of the 
maxillary incisors relative to Glabella Vertical (GV). 
 
Definition of Terms:  
Race: is a term used to categorize humans into groups, called racial groups, based on 
shared physical traits, ancestry, genetics, and social or cultural traits.  
Caucasian race: A term used to refer to people whose ancestry can be traced back to 
Europe, North Africa, West Asia, South Asia and parts of Central Asia. It was once 
considered a useful taxonomical categorization of human racial groups based on a 
presumed common geographic and/or linguistic origin [5]. 
Natural head position: is a standardized and reproducible position of the head when the 
head is in an upright posture and the eyes are focused on a point in the distance at eye 
level.  
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Adjusted natural head position: The clinical judgment of the patient’s natural head 
position when the head is upright and the patient is looking at a distant point at eye level, 
synonymous to corrected natural head position. 
Anatomical forehead: The exposed skin from the hairline (or where the hair line once 
was) to the glabella.  
FA point (tooth): The point on the facial axis of the clinical crown that midway between 
the gingival and occlusal borders.  
FFA point (forehead): The midpoint of the clinical forehead that is between superion 
and glabella for round and angular foreheads, and is between trichion and glabella for 
straight foreheads.  
Fall (Face Anterior Limit Line): A frontal plane of the face passing through the FFA 
point of the forehead.  
Gall (Goal Anterior Limit Line): A frontal plane of the face representing the anterior 
limit of an element I maxillary incisors. Synonymous to Glabella Vertical Plane.  
 
Assumptions: 
1. Investigators can reliably position subjects in the corrected natural head position. 
2. Investigators are orthodontically trained and have experience in identification of  
Glabella Vertical. 
3. Investigators can reliably position the millimeter ruler on the level of the patient’s 
midsagittal plane.  
4. Glabella Vertical (GV) is a valid landmark that can be used to measure the 
anteroposterior (AP) position of maxillary incisors,  
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5. The measurement of anteroposterior (AP) incisors position in relation to Glabella 
Vertical was accurately recorded with the patient in corrected natural head position.  
6. Raters can judge facial attractiveness of the subjects. 
7. Randomly selected subjects are an adequate representation of the Caucasian male 
population. 
8. Randomly selected judges are an adequate representation of the society. 
 
Limitations:  
1. Glabella Vertical is relative to the corrected natural head position. If adjusted natural 
head position is incorrect, then Glabella Vertical judgment may be incorrect.  
2. Investigator error in identification of Glabella Vertical line. 
3. The judgment of esthetic and face attractiveness in this study depend on a two 
dimensional photograph of a three dimensional objects. 
4. Other facial features (nose, chin, complexion, hair color … etc.) may influence raters’ 
judgment of subjects’ attractiveness.  
5. Age of model subjects may influence raters’ judgment of subjects’ attractiveness. 
6. Racial, cultural background and personal preference of the raters can affect the 
personal judgment on facial attractiveness. 
7. Rater gender might affect the judgment of the subject’s facial attractiveness.  
 
Delimitations:  
1. Investigators are orthodontically trained and may have acquired biases.  
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2. Photographs of the subjects were changed to black and white and all backgrounds 
were cropped out to decrease the effect of other facial features on the rater’s 
judgement, 
3. Only model subjects of ages between eighteen and thirty were used to decrease age 
effect on the rater’s judgment. 
 
 
CHAPTER 2: REVIEW OF THE LITERATUR 
 
History:  
Orthodontics might seem to be the most modern branch of dentistry, but actually the 
history of orthodontics goes back thousands of years. The perfect smile and correcting 
orthodontic problems such as crowded, irregular or protruding teeth has been a project at 
least since 1000 BC. Archaeologists found metal bands around teeth of many of the 
Egyptian mummies; it is believed that they tied catgut to these bands to provide pressure 
to move the teeth [6]. Also, primitive and surprisingly well-designed appliance have been 
found in both Greek and Etruscan materials [6]. Hippocrates, a Greek physician and one 
of the most outstanding figures in the history of medicine, wrote the earliest known texts 
about teeth irregularities around 400 B.C. [7] 
 
According to Wahl, significant contributions to the field of orthodontics in the United 
States started in the 19th century [7]. In 1822, J.S. Gunnell invented the occipital 
anchorage headgear that applies gentle pressure on the protruding teeth from the outside 
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of the mouth. After 1850, Norman Kingsley published the first paper on modern 
orthodontics, Oral Deformities [8].  Kingsley was a dentist, artist, and a pioneer in the 
treatment of Angle Class II malocclusions and cleft palate. The father of modern 
orthodontics and one of the most outstanding figures in the orthodontics field is Edward 
Hartley Angle (1855 –1930). He was trained as a dentist, but he was interested in 
orthodontics and he was the first to declare orthodontics as dental specialty. He also 
established the first orthodontic school, The Angle School of Orthodontia, in 1900. His 
classification of malocclusion is probably one of the most notable contributions in his 
life, because it subdivided the major types of malocclusion and included the first clear 
definition of normal (Class I) occlusion.  
 
As time passed, orthodontists learned that even a perfect occlusion was not satisfactory if 
it is achieved at the expense of facial esthetics and proper facial harmony. Cephalometric 
radiography, which became widely used in orthodontics in the second half of the 
twentieth century, showed clearly that many orthodontic problems are a result of a faulty 
jaws position and not only faulty teeth position. In the modern orthodontics, there have 
been changes in the goals of orthodontics to focus more on facial proportions and the 
effects of the teeth position and occlusion on facial harmony and appearance.  
 
The Optimal Anterior-Posterior Position Of Maxillary Incisors In 
Traditional And Soft Tissue Analysis: 
As discussed earlier in this chapter, protruded teeth have always been a concern, but the 
problem remains of finding the optimal anteroposterior (AP) position of the maxillary 
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anterior teeth. In the orthodontic literature, different approaches have been suggested to 
evaluate the maxillary incisor position, including traditional lateral cephalometric 
radiograph analysis and soft-tissue analysis. 
 
 
Traditional lateral cephalometric analysis:  
The evaluation of maxillary incisors position is a part of most cephalometric analyses. 
Downs, Steiner, Tweed, Ricketts, and Riedel introduced specific cephalometric 
measurements to assess the anteroposterior (AP) position of the maxillary incisors. 
Angular and linear measurements were described in the literature. Some measurements 
are sensitive to the anteroposterior (AP) position of the maxillary incisors, and other 
measurements are sensitive to the labiolingual inclination of the maxillary incisors. Ellis 
and McNamara described eight cephalometric values to evaluate the maxillary incisors 
position [9]:  
1) U1/S-N angle (Fig1): The angle between the axis of the maxillary incisor and the S-N 
plane. This angular measurement determines the inclination of the central incisor 
relative to the anterior cranial base. A greater than average angle indicates 
proclination of incisors, while a smaller than average angle indicates retroclined 
incisors as often seen in Class II division 2 cases. This angle can be affected by the 
inclination of the S_N plane (position of S or N points).  
2) U1/FH (Fig1):  The angle between the maxillary incisor axis and the Frankfort 
Horizontal plane. A greater than average angle indicates proclination of incisors, 
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while a small angle indicates retroclined incisors. This angle can be affected by the 
inclination of the Frankfort Horizontal plane, which has a questionable reliability [9]. 
 
Figure 1: U1/S-N angle & U1/FH angle [9] 
3) U1/N-A (Fig 2): The relationship of the maxillary central incisor to the N-A reference 
line. It is used as both angular and linear reference. The angular value used to 
evaluate the inclination, while the linear value used to evaluate the horizontal position 
of maxillary incisors relative to the maxillary apical base. Proclined incisors will have 
a greater than average angular and linear measurement. Retroclined incisors will have 
a smaller than average angular and linear measurement. Positive values are recorded 
if the labial surface of the incisor is anterior to the NA line, negative values if it is 
posterior to the NA line. Although these have become two of the most accepted 
measures of maxillary incisor position, an examination of the N-A line shows a need 
for careful interpretation. When the maxillary skeleton (and therefore point A) is 
positioned posteriorly without changing the incisor position within the maxilla, the 
change in the angulation of N-A causes the U1/N-A measures to become larger [9].  
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            Figure 2: U1/N-A angle [9] 
4) U1/ANS-PNS (Fig 3): The angle between the maxillary incisor and the palatal plane 
(ANS-PNS). It is useful to evaluate the incisor inclination within the maxillary bone.  
 
                                              Figure 3: U1/ANS-PNS angle [9] 
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5) U1/A-Pog (Fig 4): Distance in millimeters of the incisal edge of the maxillary incisor 
to the A-Pog line. A protruded maxilla with a protruded mandible, or a retruded 
maxilla with a retruded mandible, might result in normal measurement of U1/A-Pog 
even if the incisors are not in a good anteroposterior (AP) position in relation to the 
cranium [9].  
 
Figure 4: U1/A-Pog [9] 
6) U1/N-Pog (Fig 5): Similar to U1/A-Pog in applications. It is the distance of the 
incisal edge of the maxillary incisor to the N-Pog line. However, it eliminates the use 
of A point which is one of the highly variable points. Nasion can also be abnormal in 




Figure 5: U1/N-Pog [9] 
 
7) U1/A vertical (Fig 6): As defined by McNamara is another way to relate the maxillary 
incisor to the maxilla. It is the horizontal distance between the facial surface of the 
maxillary incisor and a perpendicular erected from point A to the Frankfort 
Horizontal plane [9].  
 
Figure 6: U1/ A vertical [9] 
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8) Interincisal angle U1/L1 (Fig 7): This angle was used in literature as an indicator of 
maxillary and mandibular incisors inclination. The more labially inclined the incisors 
are, the less the interincisal angle. The more lingually inclined the incisors are, the 
more the interincisal angle. However, this angle can be affected by the position of the 
maxillary and mandibular incisors, and the by the relative position of the maxilla and 
the mandible. 
Cephalometric analysis is certainly useful diagnostic and treatment approach, however it 
can be unreliable and unpredictable to evaluate the optimal anteroposterior (AP) position 
of the maxillary incisors. The bony landmarks have some variability in their positions. 
They are internal landmarks that do not represent the external soft tissue. Moreover, good 
facial esthetics have been shown to exist within a wide range of cephalometric values. 
 
 
Figure 7: Interincisal angle 
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Soft Tissue Analysis:  
Some authors have suggested using soft tissue analysis as a reliable guide for orthodontic 
evaluation and treatment planning. In this method, the overriding key to evaluate the 
anteroposterior (AP) position of the incisors lies in the clinical perception of the size, 
shape, and position of the facial tissue parts overlaying the teeth, the lips. Interestingly, 
facial features are usually studied in profile view. Different authors have defined various 
soft tissue parameters and landmarks of soft tissue facial analysis. A frequently used soft 
tissue parameter in orthodontic diagnosis is the nasolabial angle (Fig 8), which Formed 
by a line tangent to the columella of the nose and a line tangent to the upper lip with an 
arbitrary range of 90 to 120 degrees is usually stated in the literature. The nasolabial 
angle fails to tell us weather angle is excessive because the lip slants back, the nose turns 
up, or both [10].  
 
        
Figure 8: Nasolabial angle 
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The concept of having a specific relationship between the nose, lips and chin from a 
profile perspective goes back to the 1950s and the work of Ricketts. Ricketts established 
the law of the labial relationship according to the esthetic E-plane. The E line of Ricketts 
(Fig 9) connects the nose tip to the soft tissue pogonion, and is a reference line used to 
assess the upper and lower lips. In the average Caucasian face, the lower lip would be 2 
mm behind the line, and the upper lip 4 mm behind the line.  
 
The Steiner’s S line (Fig 10) is drawn from midpoint between subnasale and pronasale to 
soft tissue pogonion and lip prominence with reference to this line is assessed. The S line 
has been used cephalometrically but it has not been used on photograph to assess lip 
prominence. Upper and lower lips distance to S Line should be ideally 0±2mm [11]. 
 
              




Figure 10: Steiner’s S line 
In 1981, Holdway presented his soft tissue analysis at the annual meeting of the 
American Association of Orthodontists (AAO). This analysis included eleven 
measurements. He introduced the H line (Harmony line), which is a tangent to chin and 
upper lip (Fig 11). The H-angle is formed by a line tangent to the chin and upper lip with 
the Nasion-Pogonion line. Holdaway stated that the ideal face has an H-angle of 7–15 
degrees, which is dictated by the patient's skeletal convexity [8]. He also defined norms 
of the measurements of upper lip thickness, upper lip strain, soft tissue subnasale to the H 




Figure 11: H-angle of Holdway 
 
Burstone used the B line, which connects Subnasale and Pogonion points. He defined the 
position of the upper lip regarding the B line to be 3.5mm ahead. Arnett and Bergman 
described an analysis of the soft tissue facial profile on photographic records in natural 
head position. They studied a small sample of attractive individuals, and described a true 
vertical line (TVL) passing through subnasale. According to them, the maxillary incisors 
should be 12.1(± 1.8) mm in males and 9.2(± 2.2) mm behind the TVL in females. In 
1991, Bass introduced the position of the upper incisor as a key for orthodontic treatment. 
He defined the ideal position of the upper incisor, Pogonion, and the upper lip using a 
perpendicular line to the true horizontal (TH). He also established the exhibition of 2 to 3 
mm of the upper incisor below the interlabial gap [12]. 
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The Six Elements Of Orofacial Harmony:  
The Andrews Six Elements of Orofacial Harmony is a classification, diagnostic, and 
treatment philosophy that describes a clinically relevant method to evaluate and plan the 
position of the jaws and the teeth. The Six Elements of Orofacial Harmony are the tooth, 
arch, and jaw characteristics found to be shared by individuals with naturally optimal 
occlusions and balanced faces [2]. The Six Elements defined by Lawrence F. Andrews as 
are the optimal orthodontic treatment goals and the six areas for which orthodontists have 
diagnostic responsibility. The six elements are: Element I) The arch: teeth individually 
(morphology and positions) and the teeth collectively (arch shape and length); Element 
II) Anteroposterior (AP) jaws positions; Element III) Jaw widths; Element IV) Jaw 
heights; Element V) Pogonion prominence and Element VI) Dental occlusion [13]. 
Andrews defined each element as optimal based on facial esthetics and occlusion of 120 
non-treated patients. Dr.Andrews identified referents, landmarks, and objectives to define 
the optimality of each one of the six elements.  
 
As explained before, the anteroposterior (AP) protrusion of the maxillary incisors in the 
face can be affected by incisors inclination and teeth anteroposterior (AP) position. 
According to Dr.Andrews philosophy, Inclination of the maxillary incisors can be 
evaluated through element I of the Six Elements of Orofacial Harmony. Element I 
describes the shape and length of the maxillary and mandibular arches. Optimal arches 
are achieved when teeth sizes are normal, teeth are in the correct inclination, the root of 
each tooth is centered over basal bone, and the curve of spee is between 0 and 2.5 mm. 
lateral cephalometric radiograph is used to determine the optimal inclination of the 
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incisors. The optimal inclination of the maxillary incisors is identified based on the 
occlusal plane. The maxillary incisor is defined optimal at 7° to perpendicular line to the 
occlusal plane. Maxillary incisors anteroposterior (AP) position is evaluated through 
Elements II of the Six Elements of Orofacial Harmony. Element II is the optimal 
anteroposterior (AP) positions of the maxillary and mandibular jaws. Andrews described 
landmark points on the forehead (trichion, superion, glabella, and FFA). Trichion is 
located on the superior border of the forehead; located at the hairline. Superion is a point 
on an angular or rounded forehead representing the superior boundary of the clinical 
forehead. Glabella is defined as the most inferior aspect of the forehead; a point on the 
frontal bone above nasion and between the eyebrows. FFA (Forehead FA) is defined as 
the midpoint between superion and glabella for foreheads with rounded or angular 
contour. Forehead landmarks are used to create vertical reference plans, FALL line and 
GALL Line, which can be used to evaluate the anteroposterior (AP) position of the 
maxillary central incisors in profile. FALL (Face Anterior Limit Line) is a frontal plane 
of the face passing through the FFA point of the forehead. GALL (Goal Anterior Limit 
Line) is a frontal plane of the face representing the anterior limit of element II maxillary 
incisors. The relationship is quantified as the distance in millimeters between the FA 
point of the maxillary incisor crown and the GALL line. In the past, Andrews defined the 
optimal anteroposterior (AP) position of the maxilla is when the Element I maxillary 
incisors are located between the FALL and GALL references. However, in the last years 
the optimal position was redefined. The anteroposterior (AP) position of the maxilla is 
optimal when the Facial Axis points (FA point) of Element I maxillary incisors (optimal 
inclination and position in the basal bone) are on the Goal Anterior Limit Line (GALL). 
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The best method for assessing this relationship is clinical judgment [14]. Schlosser, et al. 
[18] found that Andrews’ method of profile assessment was ‘‘a useful method to evaluate 
attractiveness relative to the maxillary incisor position’’. In 2015, Tomblyn, et al. found 
that “Glabella Vertical can be used as a frontal plane for diagnosis and treatment 
planning. Andrews also suggested using a smiling profile view to evaluate element II of 
the Six Elements of Orofacial Harmony. 
 
Figure 12: GALL and FALL lines of Andrews   
 
In Six Elements of Orofacial Harmony philosophy, orthodontists can use colors to 
communicate the anteroposterior (AP) position of the maxillary anterior teeth. Incisors 
with harmonious position are green. That is when incisors FA point is positioned on the 
GALL line. Red incisors are teeth that are positioned anterior to the GALL line, and 
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black incisors are teeth that are positioned posterior to the GALL line. This color system 
is very helpful for communication and description, and usually millimeters are used for 
distances.  
 
Glabella Vertical Plane As A Landmark For Diagnosis And Treatment 
Planning:  
In orthodontics, reference planes are used to relate cranial and facial elements for the 
purposes of diagnosis, treatment planning and communication. Ideally, a valid reference 
plane should have the following features: good reliability (low method error), good intra-
individual reproducibility, low inter-individual variability, and average orientation close 
to true horizontal (HOR) or vertical (VER) [15]. In 2015, Tomblyn et al did a study in 
West Virginia University. The goals of this study were 1) to evaluate the reliability and 
reproducibility of FALL (Face Anterior Limit Line) and GALL (Goal Anterior Limit 
Line) as reference planes. 2) to evaluate if Glabella Vertical can be used as a frontal 
reference plane 3.) to evaluate if NHO (Natural Head Orientation) is affected by varying 
chin positions [4]. Tomblyn et al found that FALL and GALL are reliable and 
reproducible reference planes. They also found that Glabella Vertical can be used as a 
frontal plane for diagnosis and treatment planning [4]. 
 
Anteroposterior Relationship Of The Maxillary Central Incisors To The 
Forehead: 
In the Six Elements philosophy, Andrews suggested using the forehead as a landmark to 
assess the anteroposterior (AP) position of the maxillary incisors. Andrews defined 
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forehead landmarks and observed the correlation between the forehead’s prominence and 
inclination and the position of the maxillary central incisors in individuals with good 
facial profiles [16]. Using the forehead as a primary landmark for anteroposterior (AP) 
incisor positioning avoids the potential pitfalls of relying on cephalometric analysis or 
repose soft tissue analysis [3]. Several studies have been conducted in the past about this 
subject.  
 
In 2008, Dr.Will Andrews conducted a study to evaluate the anteroposterior (AP) 
relationship of the maxillary central incisors to the forehead in adult white females. He 
compared profile photographs of 94 white females with good facial harmony (as a control 
group) with photographs of 94 white females seeking orthodontic treatment (as a study 
group). He found a statistically significant difference in the anteroposterior (AP) position 
of maxillary incisor between the two groups. The optimal maxillary central incisors 
position was between the forehead facial axis (FFA) point and glabella in 93% of the 
cases in the control group, and only in 21% of the cases in the study group. He concluded 
that the forehead is an important landmark for anteroposterior (AP) maxillary incisor 
positioning for adult white female patients seeking improved facial harmony [16]. 
In 2013, Adams M, Andrews W, Tremont T, Martin C, Razmus T, Gunel E, and Ngan P 
repeated the study on adult white males using profile photographs of 101 white male with 
good facial harmony (as a control group) and photographs of 97 white male seeking 
orthodontic treatment (as a study group). They came up with the same conclusion that the 
forehead can be used as an important landmark to locate the optimal anteroposterior (AP) 
maxillary incisor position for adult white males [17].   
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Some cited studies used computer software to manipulate some facial structures 
anteroposterior (AP) position to evaluate the effect of such movements on the 
attractiveness of the face. Schlosser JB, Preston CB, and Lampasso J published a study in 
2005. They photographed the facial profile of a white female subject and generated a 
series of alterations using computer software in which the maxillary incisors were 
misaligned relative to the GALL in 1 mm increments to a maximum of 4 mm forward 
and backward (Fig 13). The subject had normal soft tissue profile and her maxillary 
incisors were in an Element II position (on the Glabella Vertical plane). Panels of 
orthodontists and lay people were asked to score the attractiveness of the photographic 
variations. Interestingly, they found that orthodontic training did not significantly affect 
the attractiveness judgement, and that the image with the most retracted anteroposterior 
(AP) position of the incisors was the least attractive to both orthodontists and laypersons. 
They concluded that Andrews' Element II provides a useful method to evaluate 
attractiveness relative to the maxillary incisor position [18].  
 
                                               Figure 13: Subject’s image set [18] 
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Cao, et al. (2011) manipulated photograph of a Chinese woman with a normal profile, a 
Class I occlusion, and a Class I skeletal pattern. They altered the inclination and the 
anteroposterior (AP) position of the maxillary incisors to generate a series of photographs 
that were judged by orthodontic professionals and laypersons (Fig 14). Both maxillary 
incisor labiolingual inclination and anteroposterior (AP) position found to be essential 
factors in the attractiveness of the smiling profile. As in the previous study, no significant 
discrepancy was found between the assessments of the professional and nonprofessional 
groups. They concluded that Element II of Andrews and Andrews six elements of 
orofacial harmony is a useful reference to the smiling profile esthetics [19]. 
 
Figure 14: Subject’s image set [19] 
 27 
However, these two studies only simulated the movement of maxillary section without 
any movement of mandibular section, which may cause interference with the judgement 
of attractiveness [20]. Ellis, et al. captured smiling profile photographs of  three females 
from three different racial background (Caucasian, African American, and Asian) and 
digitally manipulated at the soft tissue glabella to simulate forward movement by 2, 4, 
and 6 mm and backward by 2 mm (Fig 15). They asked dentists and laypersons to judge 
the attractiveness of the photographs using a 0-100 mm visual analogue scale. Once 
again, professional and nonprofessional had similar assessment of attractiveness; 
however dental professionals seemed to have more accurate judgement than laypeople. 
The study suggests that changes of anteroposterior (AP) position of the glabella affect the 
appreciation of facial attractiveness [20]. 
 
Figure 15: Original photos and simulated photos from Caucasian (upper panel), African 
American (middle panel), and Asian (lower panel) models [20]. 
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Vishal Singh, et al. (2014) evaluated the anteroposterior (AP) position of the maxillary 
incisors in relation to the soft tissue plane (STP) in young Indian subjects to see if this 
plane could provide a useful guideline [22]. Soft tissue plane (STP), first defined by 
Alfaro, is a vertical line drawn passing through the soft tissue nasion (N’) and descending 
perpendicular to the base of the photograph [21]. Vishal Singh, et al. compared profile 
photographs of 146 subjects with a good facial harmony (as a control group) and of 135 
patients seeking orthodontic treatment (as a study group) (Fig 16). They concluded that 
soft tissue plane (STP) is a useful landmark in evaluating the position of the maxillary 
central incisors and that most of the young adults (86.1%) with good facial harmony had 
maxillary incisors positioned at of in front of soft tissue plane (STP). Maxillary central 




Figure 16: Soft Tissue Plane (STP) [22] 
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In 2011, Arqoub SH, et al. did a study to evaluate the influence of changing the 
anteroposterior (AP) and vertical proportions of the lower face on the judged facial 
attractiveness. In this study, as the vertical and anteroposterior (AP) dimensions diverged 
from normal, attractiveness decreased. They also found a significant difference between 
dentists and lay people in judgment of profile attractiveness [23]. Najafi, et al. (2015) 
studied a smiling profile photograph of one male subject with normal profile. The 
photograph was manipulated digitally to obtain 3 different mandibular sagittal positions. 
In each mandibular position, the inclination of the maxillary incisors was changed 
labially and lingually. A total of 234 judges from different professional panels (72 senior 
dental students, 24 orthodontists, 21 maxillofacial surgeons, 25 prosthodontists, and 92 
laypeople) were asked to score each photograph. This study showed that a normal incisor 
inclination is crucial to establish, especially in patients with a mandibular deficiency or 
excess. They also found that labial inclination is more preferable than lingual inclination. 
A significant difference in rating was found between different professional panels, and 
the raters' sex had no effect on their ratings of the images [24]. 
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Figure 17: Three sets of altered images with different mandibular positions and incisor 
inclinations [24]. 
Adjusted Natural Head Position:  
The idea of using natural head position (NHP) was introduced by Downs [25] and 
Moorrees [26] in the late 1950’s. Borca defined natural head position (NHP) as “When 
man is standing and his visual axis is horizontal, he is in the natural position” as cited in 
Solow and Talgren in 1971 [27]. Historically, Natural head position (NHP) has been used 
by artists, anatomists and anthropologists to study the human face [27]. Natural head 
position (NHP) has also been widely used in orthodontic clinical diagnosis and research. 
Natural head position (NHP) is a standardized external reference position that is highly 
reproducible, accurate, and easy to register. Short and long term intra-observer 
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reproducibility studies have been conducted in the past, and these studies have validated 
the reproducibility of natural head position (NHP). Lundstrom and Lundstrom reported 
the natural head position (NHP) reproducibility to be close to 2 degrees [28].  Cooke et 
al. [29-30] conducted and long term studies and reported a variation of 9.24 degrees and 
4.8 degrees at 5 years and 15 years respectively, which is significantly less than the 
variance of intracranial reference planes to the vertical (25 degrees to 36 degrees). 
However, several physiological, psychological, and pathological factors are involved in 
the concept described as registered natural head position (NHP) [31]. Registration of 
natural head position (NHP) may contain an element of unavoidable error that requires 
correction. Therefore, Lundstrom introduced the concept of adjusted (corrected) natural 
head position. Adjusted NHP defined as the head position adjusted from the registered 
natural head position to a position judged to be the natural head orientation by the 
orthodontist [31].  
 
CHAPTER 3: MATERIAL AND METHODS 
 
The study was designed as an observational study.  An observational study is a study in 
which investigator observe subjects and measure variables of interest without assigning 
intervention or treatment to subjects.  
 
IRB Approval:   
 
An IRB expedited review was obtained from West Virginia University Institutional 
Review Board prior to the start of this study (see Appendix A).  
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Data Collection:   
Study group consists of 30 randomly chosen model subjects and 36 raters (judges). 
Subjects were chosen from the patients and visitors of West Virginia University 
Orthodontic clinics. Trained orthodontists raters were selected from the faculty 
members and residents of the West Virginia University Orthodontic Department. Lay 
raters were selected from the West Virginia University first and second dental school 
students.  
Subjects were asked to participate in the study after explaining potential risks and 
benefits of the study. Every subject signed a consent form. The model subjects signed 
the Human Research Protocol of Only Minimal Risk with HIPPAA Consent form. The 
rater subjects signed the Human Research Protocol of Only Minimal Risk without 
HIPPAA Consent form. 
 
Sample Description: 
Study group consists of 30 randomly chosen model subjects and 36 raters (judges).  
The 32 raters that participated in the study were:   
 6 male trained orthodontists 
 6 female trained orthodontists 
 12 male laypeople 
 12 female Laypeople 
 
Inclusion Criteria for Model Subjects:  
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1. Males only. 
2. Caucasians only.  
3. Subjects of age 18-30 years old only.  
4. Subjects with no craniofacial anomalies, face diseases, or developmental deformity.  
5. Subjects that have the natural maxillary anterior teeth.  
6. Subjects that do not currently have braces, dentures, or any other appliance.  
 
Exclusion Criteria for Model Subjects:  
1. Females. 
2. Races other than Caucasian 
3. Younger than 18 or older than 30 years old.  
4. Presence of craniofacial anomalies, face diseases, or developmental deformity. 
5. Subjects that do not have their natural maxillary anterior teeth. 
6. Subjects that currently have braces, dentures, or any other appliance.  
Research Design:  
The study involves the following procedures:  
Capturing Photographs Of The Model Subjects:  
Upon model subject’s approval to participate in the study and signing the Human 
Research Protocol of Only Minimal Risk with HIPPAA Consent form, the process of 
capturing pictures starts. Each subject will be positioned in adjusted natural head position 
turned to their left side. Black background board was placed behind the subjects. Using 
laser level, a white robe was added on the right boarder of the board using laser level to 




Figure 18: Laser level was used to set a white rope to simulate the true vertical plane 
 
A millimeter ruler was positioned on the right side of the board. The ruler position can be 
adjusted to be on the level of the subject's midsagittal plane. The ruler has 2 black marks 
with 10 mm distance between them to digitize the photographs in 1/1 ratio. Using a 
Nikon D3300 camera with 90 mm macro lens, two photographs were captured for 






Figure 19: Ruler with 10 mm apart marks used to caliper the photographs at 1/1 ratio 
 
 
Figures 20 and 21 show examples of the way we captured photographs in this study. This 
example model is not one of the subjects recruited for the study. In the actual rated 
photographs, the white de-identification circles on the eyes where not used since all 
subjects signed Human Research Protocol of Only Minimal Risk with HIPPAA Consent 
form.  
 




Figure 21: Photographs capturing in smiling profile view  
 
Measuring Anteroposterior (AP) Position Of The Maxillary Incisors:   
Subjects were numbered from 1 to 30. Photographs were uploaded to Microsoft 
PowerPoint program. On the smiling profile photographs, the Glabella Vertical plane was 
added as a green vertical line that is parallel to the white rope (representing true vertical 
plane) on the board and touching the soft tissue glabella point on the subject face. Using 
the marks on the millimeter ruler, a digital ruler was created and callipered to 1/1 ratio to 
make an accurate measurement. The digital ruler was used to measure the distance of the 




Figure 22: Digital ruler calipered at 1/1 ratio.   
 
 
Figure 23: Digital ruler used to measure the distance of the FA point of the maxillary 
incisors to the Glabella Vertical line. 
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Rating Procedure:  
All photographs were uploaded to Microsoft PowerPoint in a randomized order. 
Photographs were changed to black and white colors, background was removed, and the 
vertical lines and ruler were cropped out. Rating slideshow was created that consists of 
two sections. The first section includes 30 repose photographs, 30 smiling photographs, 
10 randomly selected repeated photographs. The 10 repeated photographs were doubled 
to test the intra-raters reliability of each rater. The second section includes 30 smiling 
photographs only.  
We had 36 raters as described before. Each rater has signed the Human Research 
Protocol of Only Minimal Risk without HIPPAA Consent form. Each rater received 
rating form. On the first page of the rating form, raters were asked to about their gender, 
their age, and if they have any orthodontic training. The rest of rating form consists of 
two sections in respect with the 2 sections of the slideshow. In the first section, raters 
were asked to rate the attractiveness of the subject by placing X mark on the visual 
analog scale of 1-100 when 0 is the least attractive and 100 is the most attractive. Visual 
analog scale marks were measured and translated to number (out of 100) for each model 
subject. On the second section, raters were asked if they like the subject’s incisors to 
move forward, backward, or stay in the same position. The rating procedure instructions 
were explained verbally and instructions were printed on the first page of the rating form. 
Copy of the rating form is included in Appendix B. All the data was later entered on 




Figure 24: Photograph as appeared in the rating Power Point.  
 
Visual Analog Scale (VAS):  
Visual analog scale (VAS) is an instrument used to measure a characteristic or attitude 
that is believed to range across a continuum of values and cannot easily be directly 
measured. It is popular, simple, and inexpensive instrument that is often used in 
epidemiologic and research. Studies have shown visual analog scale (VAS) to be 
reliable method to rate esthetic concepts. The simplest visual analog scale (VAS) is a 
straight horizontal line of fixed length, usually 100 mm. The ends are defined as the 
extreme limits of the parameter to be measured (facial attractiveness in this case)
 
orientated from the left (worst) to the right (best). The visual analog scale (VAS) 
score is determined by measuring in millimeters from the left hand end of the line to 




Figure 25: Visual Analog Scale (VAS) 
 
Statistical Analysis:  
All statistical tests were conducted by the statistician (J.X) using SAS (version 9.4, 2013, 
SAS institute Inc, Cary, NC). To examine the effect of view the patient presented on the 
perception of attractiveness, we analyzed each patient’s ranking scores separately since 
we assumed the difference in individual facial attractiveness. The mixed model analysis 
was performed to evaluate the effects of view (repose vs. smile), panel (orthodontist vs. 
lay-people), gender (male vs. female), and rater nested within panel on perception of 
attractiveness. We considered rater as a random effect and all others as fixed effects. The 
interaction between panel and view, and between gender and view were also added to the 
model as our main focus was on the effect of the view and the two interaction term. 
Tukey’s test was performed for multiple comparisons after a significant interaction effect. 
We also run the same mixed model analysis for all patients but adding patient as another 
random effect. Interaction terms were excluded after non-significant result. Paired t-test 
was conducted to examine the difference in facial attractiveness ranking scores between 
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repose and smile. We examined the mean difference in facial attractiveness between 
orthodontist and lay-people, male and female using two sample t-test. 
To examine the effect of incisors position on the perception of attractiveness, we only use 
the attractiveness ranking scores on smile pictures and analyzed all patient ranking scores 
together. The mixed model analysis was performed to evaluate the effects of incisors 
position (green vs. black vs. red), panel (orthodontist vs. lay-people), gender (male vs. 
female), rater nested within panel, and patient on perception of attractiveness. Rater and 
patient were treated as two random effects and all others as fixed effects. Our main 
interest, the interaction between panel and incisors AP position, and between gender and 
incisors AP position were also incorporated in the model. We used Tukey’s test for 
multiple comparisons after a significant interaction effect. To compare the mean 
difference in attractiveness ranking scores among different incisors AP positions for 
individual raters, one way analysis of variance (ANOVA) test was used and Tukey’s test 
was performed for multiple comparisons after a significant test result. 
To analyze the association between incisors AP position and raters’ opinion on whether 
the teeth should be moved backward, forward or stay the same, chi-square analysis was 
used. The Cochran-Mantel-Haenszel statistic was also utilized to determine the 
association between GV position and raters’ opinion adjusted for different strata.  




CHAPTER 4: RESULTS 
 
Model Subjects Sample Distribution:  
The study sample of model subjects included 30 randomly selected Caucasian males. 
Upon measurements, we found that five model subjects (16.66%) have green incisor 
position. Green incisor position means, as described before, that FA point of the 
maxillary incisor is located on Glabella Vertical Plane. Eight model subjects (26.66%) 
have red incisor position. Red incisor position means that FA point of the maxillary 
incisor is located anterior to the Glabella Vertical Plane. In this sample, the most anterior 
position of the maxillary incisors, form the Glabella Vertical line, was +10 mm. 
Seventeen model subjects (56.66%) have black incisor position, which means that FA 
point of the maxillary incisor is located posterior to the Glabella Vertical Plane. In this 
sample, the most posterior position of the maxillary incisors form the Glabella Vertical 
line was -14 mm. The table below shows all the model subjects’ incisors position 
measurements.  
Model Subject Number Incisors AP distance from 
the GV 
Incisors AP Position 
1 0 Green 
2 0 Green 
3 0 Green 
4 0 Green 
5 0 Green 
6 +1 Red 
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7 +2 Red 
8 +3 Red 
9 +4 Red 
10 +5 Red 
11 +5 Red 
12 +6 Red 
13 +10 Red 
14 -1 Black 
15 -2 Black 
16 -3 Black 
17 -3 Black 
18 -3 Black 
19 -3 Black 
20 -4 Black 
21 -5 Black 
22 -5 Black 
23 -6 Black 
24 -6 Black 
25 -7 Black 
26 -8 Black 
27 -9 Black 
28 -11 Black 
29 -13 Black 
30 -14 Black 




Graph 1: Distribution of the model subjects sample  
Effect Of Maxillary Incisors AP Position On The Judged Facial 
Attractiveness From Smiling Profile View: 
From smiling view, the judges in this study gave subjects of the green incisors group the 
highest mean rating of facial attractiveness (Mean=48.56), while model subjects in the 
black incisors group had the worst mean rating of facial attractiveness (Mean=38.25), and 
model subjects in the red incisors group were somewhere in between in term of facial 
attractiveness (Mean=40.44). Graph 2 below shows the mean rating of attractiveness for 
each group.  
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Graph 2: Mean rating of facial attractiveness for each group.  
Interestingly, the best mean rating (59.78) of facial attractiveness for individual model 
subjects has been given to subject #24, and this subject belongs to the black incisors 
group and the anteroposterior (AP) position measurement of his maxillary incisors is B6 
(FA of the maxillary incisors crowns are positioned 6mm posterior to the Glabella 
Vertical line). The second best rating of facial attractiveness was given to subject #2 from 
the green group, and the third highest rating of facial attractiveness was given to subject 
#9 from the red group, the anteroposterior (AP) position measurement of his maxillary 
incisors is R4 (FA of the maxillary incisors crowns are positioned 4mm anterior to the 
Glabella Vertical line). The worst three mean rating of facial attractiveness have been 
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given to subjects #20, 18, and 22. They all belong to the black incisors group (B4, B5, 
and B3). The table below shows the means of facial attractiveness rating scores for each 
model subject.  
Patient AP Position Position MEAN SD 
1 0 G 47.69 21.78 
2 0 G 56.17 19.74 
3 0 G 42.92 16.93 
4 0 G 51.39 19.76 
5 0 G 45.08 16.46 
6 1 R 41.00 18.97 
7 2 R 45.50 17.76 
8 3 R 47.39 18.38 
9 4 R 54.56 23.32 
10 5 R 27.44 12.24 
11 5 R 44.61 15.96 
12 6 R 34.36 20.18 
13 10 R 28.69 13.64 
14 -1 B 53.47 19.75 
15 -2 B 52.44 13.67 
16 -3 B 39.75 20.79 
17 -3 B 40.19 17.93 
18 -3 B 22.81 11.97 
19 -3 B 32.39 16.17 
20 -4 B 19.00 17.23 
21 -5 B 45.89 16.63 
22 -5 B 25.58 11.12 
23 -6 B 34.25 16.45 
24 -6 B 59.78 16.62 
25 -7 B 32.61 14.46 
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26 -8 B 44.28 15.49 
27 -9 B 29.42 12.88 
28 -11 B 41.47 14.86 
29 -13 B 39.58 15.20 
30 -14 B 37.44 17.97 
 
Table 2: Means of rating scores for smile by patient. 
 
In this study, we have used 36 judges to rate the facial attractiveness of each one of the 
model subjects. We studied the mean ranking score for each incisor position group of 
each one of the 36 raters. Only nine raters (25%) showed significant difference in judging 
the facial attractiveness of models in the different incisors groups (raters #2, 3, 4, 9, 12, 
25, 26, 35, 36). In 27 raters (75%) the difference was insignificant. Interestingly, those 9 
raters always judged models in the green incisors group as the most attractive, and judged 
models in the black incisors group as the least attractive. The table below shows how the 




Incisors Position Groups  
 
p-value 
Black Green Red 
Mean SD Mean SD Mean SD 


















5 32.41 19.50 31.60 8.62 21.75 16.72 0.37 
6 26.00 16.02 35.40 19.71 33.13 18.90 0.46 
7 29.76 18.88 19.60 15.34 23.38 16.10 0.466 





7.30 31.50 18.08 0.001 
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10 27.88 19.25 43.00 14.11 29.00 16.59 0.26 








13 25.18 16.97 33.60 25.94 32.13 15.27 0.54 
14 28.41 18.76 35.60 20.16 23.63 11.50 0.49 
15 30.82 19.04 45.20 8.58 23.25 14.64 0.09 
16 26.88 14.66 42.00 11.58 30.88 20.79 0.20 
17 22.59 18.20 37.40 16.24 36.75 13.65 0.08 
18 28.59 18.49 34.00 19.95 27.88 18.22 0.82 
19 28.41 16.63 30.80 13.54 25.88 16.49 0.86 
20 26.71 17.53 31.20 19.59 28.88 17.97 0.88 
21 29.65 15.94 23.40 17.99 25.88 18.00 0.73 
22 26.12 15.58 22.80 19.87 34.13 21.22 0.47 
23 29.88 19.24 35.20 14.24 18.00 11.26 0.16 










13.13 32.50 9.55 0.006 
27 29.29 18.42 37.80 16.04 33.50 18.43 0.63 
28 30.65 16.81 26.60 21.22 22.38 15.77 0.54 
29 28.59 19.23 42.40 13.74 25.63 16.64 0.24 
30 24.53 17.46 40.00 14.34 27.13 14.94 0.20 
31 26.24 16.94 34.80 13.72 28.50 15.76 0.59 
32 30.24 18.44 38.20 15.45 22.63 16.35 0.30 
33 25.59 17.01 37.60 21.04 29.38 16.82 0.42 








36 17.47 14.77 36.00 18.28 29.63 14.19 0.04 
Significant p-value for multiple comparison of GV position 
a Black vs. Green position. 
b Green vs. Red position 
c Black vs. Red position 
Table 3: Means of ranking scores for incisors AP position by rater 
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The graph below also shows how each one of the judges scored the facial attractiveness 
for each of the incisor groups.  
 
Graph 3: Incisors groups rating per judges 
 
 
Significance Of Main Effects:  
 
 
source NDF DDF F Pr>F 
Fixed Effect     
View 1 2092 23.54 <0.0001*** 
Panel 1 33 0.28 0.5937 
Sex 1 33 0.01 0.9395 
Panel*View 1 2092 1.68 0.1954 
Sex*View 1 2092 1.25 0.2640 
   Z Pr>Z 
Random     
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Effect 
Rater(Panel)   -31.33 <0.0001 
Patient   3.71 0.0002 
Table 4:  Mixed model analysis of ranking scores for all patients. Test of main effects for 
rater (panel), panel, sex, view, panel* view, sex *view interaction 
 
 
In this study we have noticed that:  
 There was a significant difference in facial attractiveness rating between smiling 
profile view and repose profile view.  
 We found no significant difference in facial attractiveness judgement between 
orthodontist and layperson panels of judges.  
 We found no significant difference in facial attractiveness judgement between male 
and females judges. 
We will try to shed more light on each of those variables in the next few paragraphs. 
 
Repose View VS Smiling View:  
In our sample, we found a significant difference between ratings done on the repose 
profile view versus ratings done on the smiling profile view. Raters generally gave worse 
facial attractiveness score in the smiling profile view than in repose profile view. 
 
Repose Smile 






Table 5: Least Square means of ranking scores on view for all patients 
 51 
 
However, the difference was not always significant. We found a significant difference (P-
value ≤ 0.05) between the facial attractiveness ratings in repose profile view versus 
smiling profile view in sixteen (16) out of thirty cases (53.33%). The significant 
difference was found in one case of the green incisors group (20%), three cases of the red 
incisors group (37.50%), and in twelve cases of the black incisors group (70.58%). The 
facial attractiveness rating was better in smiling view than in repose view in four of the 
sixteen cases (25%), and facial attractiveness rating was worse in smiling view in twelve 
of the sixteen cases (75%). In model subjects with black incisors, when a significant 
difference is found between the facial attractiveness ratings in repose versus smiling 
profile views, the rating was worse in smiling view in most cases (nine of the twelve 
cases or 75%). The table below shows all the results for the facial attractiveness ratings in 








            REPOSE SMILE p-
value 
MEAN SD MEAN SD  
1 0 G 41.9 15.5 34.0 16.5 .02 
2 0 G 46.4 11.8 44.3 13.7 .39 
3 0 G 37.2 11.3 30.6 17.8 .06 
4 0 G 35.3 15.7 40.0 15.9 .02 
5 0 G 49.0 9.0 34.2 12.2 <.0001 
6 +1 R 16.1 12.8 27.6 13.6 .0004 
7 +2 R 29.6 11.8 34.7 13.6 .08 
8 +3 R 43.4 9.6 36.3 11.9 .008 
9 +4 R 44.6 13.0 40.4 16.5 .13 
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10 +5 R 12.1 12.1 15.9 11.3 .07 
11 +5 R 24.4 14.1 32.4 13.3 .002 
12 +6 R 23.1 11.7 19.9 15.1 .24 
13 +10 R 13.4 12.1 17.2 11.1 .12 
14 -1 B 30.5 13.5 40.0 14.1 .002 
15 -2 B 29.3 15.8 41.9 9.6 <.0001 
16 -3 B 37.4 15.5 28.3 20.4 <.0001 
17 -3 B 47.5 14.4 28.4 15.6 <.0001 
18 -3 B 27.6 15.2 10.1 9.6 <.0001 
19 -3 B 21.6 10.6 19.3 10.6 .28 
20 -4 B 6.2 4.3 7.9 11.7 .46 
21 -5 B 34.5 13.1 34.6 12.0 .96 
22 -5 B 24.4 13.9 12.2 8.0 <.0001 
23 -6 B 27.2 17.5 23.2 15.0 .18 
24 -6 B 54 5.5 47.6 11.4 .002 
25 -7 B 19.3 13.7 20.2 12.3 .71 
26 -8 B 41.9 13.4 33.4 16.1 .0003 
27 -9 B 26.2 12.9 17.1 13.5 .002 
28 -11 B 40.6 13.9 29.3 13.9 .002 
29 -13 B 37.3 12.0 27.2 14.3 .004 
30 -14 B 16.6 11.7 26.5 15.6 .002 
 
Table 6: Means of ranking scores of views by patient 
 
In the graph below we also see the difference between the attractiveness ratings in repose 




Graph 4: Means of ranking scores of view by patient 
 
 
Orthodontists VS Layperson Raters:   
In this study, we found that professional and non-professional judges agree upon profile 
attractiveness judgement. Basically, orthodontic training did not significantly change the 
facial attractiveness judgement of the raters. Looking at individual model subjects 
ratings, we noticed a significant difference in the facial attractiveness rating between 
orthodontist raters and layperson raters in seven cases (23.33%). Those cases were 
distributed as two cases in the green incisors group, one case in the red incisors group, 
and four cases in the black incisors group. Orthodontist gave higher attractiveness scores 
than layperson judges in six out of those seven cases (85.71%). This difference was 
statically not significant. The table below shows the difference in facial attractiveness 
ratings between orthodontically trained raters and layperson raters that did not receive 

































position Orthodontist Lay-people P-value* 
MEAN SD MEAN SD 
1 0 G 62.00 18.85 40.54 19.79 0.04 
2 0 G 59.33 21.98 54.58 18.82 0.50 
3 0 G 44.00 18.39 42.38 16.53 0.79 
4 0 G 46.33 20.13 53.92 19.50 0.28 
5 0 G 55.67 20.72 39.79 10.91 0.03 
6 1 R 41.17 17.99 40.92 19.82 0.97 
7 2 R 49.67 22.80 43.42 14.76 0.33 
8 3 R 53.08 23.77 44.54 14.78 0.19 
9 4 R 68.50 19.15 47.58 22.36 0.01 
10 5 R 26.75 16.01 27.79 10.24 0.81 
11 5 R 50.25 17.01 41.79 14.98 0.14 
12 6 R 42.33 19.09 30.38 19.89 0.09 
13 10 R 31.08 14.67 27.50 13.25 0.47 
14 -1 B 60.00 21.35 50.21 18.50 0.16 
15 -2 B 58.75 16.80 49.29 10.88 0.05 
16 -3 B 28.75 18.33 45.25 20.06 0.02 
17 -3 B 47.42 16.74 36.58 17.73 0.09 
18 -3 B 22.33 11.67 23.04 12.36 0.87 
19 -3 B 42.00 18.25 27.58 12.89 0.01 
20 -4 B 28.67 22.85 14.17 11.35 0.06 
21 -5 B 49.83 19.28 43.92 15.20 0.32 
22 -5 B 32.17 10.33 22.29 10.16 0.01 
23 -6 B 36.42 15.42 33.17 17.16 0.58 
24 -6 B 58.08 18.67 60.63 15.85 0.67 
25 -7 B 27.33 9.15 35.25 16.01 0.12 
26 -8 B 42.00 14.46 45.42 16.16 0.54 
27 -9 B 31.67 9.12 28.29 14.44 0.47 
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28 -11 B 38.92 14.93 42.75 14.97 0.47 
29 -13 B 33.83 13.37 42.46 15.51 0.11 
30 -14 B 37.50 19.86 37.42 17.40 0.99 
Table 7: Means of rating scores (smile) of panel by patient 
 
Also, our result show that orthodontist judges rated models in the green incisors group as 
most attractive, followed by models in the red incisors group, and models in the black 
incisors group as least attractive. Laypeople judges also rated models in the green incisors 
group as most attractive. However, models in the red and black incisors groups got 
almost the same mean scores for facial attractiveness.  
Orthodontist Lay-people 





























4.7 30.0 3.7 27.2
b 
2.4 36.7 4.5 27.1 3.6 
Significant p-value for multiple comparison of panel*GVP  
a Black vs. Green GV position for orthodontist.  
b Orthodontist vs Lay-people for Black GV position 
Table 8: Multiple comparison for Panel*incisors position interaction. 
 
 
Males VS Females Raters: 
In this sample, there was no significant difference in judging facial attractiveness on a 
smiling profile photograph between male and female judges. Looking at individual model 
subjects ratings, we found a significant difference in facial attractiveness ratings in only 
two cases (6.66%) of the thirty model subjects we photographed. The difference was 
insignificant in 28 cases (93.33%). In these two cases with significant difference, the 
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female judges gave better facial attractiveness score to the subjects. The table below 




position         Male Female P-value* 
MEAN SD MEAN SD 
1 0 G 48.33 22.78 47.06 21.37 0.86 
2 0 G 50.17 19.83 62.17 18.25 0.07 
3 0 G 40.94 18.59 44.89 15.37 0.49 
4 0 G 46.56 21.93 56.22 16.54 0.14 
5 0 G 45.00 16.60 45.17 16.79 0.98 
6 1 R 32.11 12.32 49.89 20.54 0.004 
7 2 R 42.94 17.89 48.06 17.76 0.40 
8 3 R 42.61 18.18 52.17 17.79 0.12 
9 4 R 51.33 24.12 57.78 22.70 0.41 
10 5 R 24.39 12.18 30.50 11.84 0.14 
11 5 R 41.50 15.25 47.72 16.47 0.25 
12 6 R 31.83 16.38 36.89 23.59 0.46 
13 10 R 24.72 13.14 32.67 13.30 0.08 
14 -1 B 47.72 21.96 59.22 15.83 0.08 
15 -2 B 51.39 14.34 53.50 13.30 0.65 
16 -3 B 39.44 23.35 40.06 18.56 0.93 
17 -3 B 38.17 15.11 42.22 20.61 0.51 
18 -3 B 20.44 9.53 25.17 13.87 0.24 
19 -3 B 28.50 14.73 36.28 17.00 0.15 
20 -4 B 14.00 8.15 24.00 22.18 0.09 
21 -5 B 43.67 17.55 48.11 15.84 0.43 
22 -5 B 23.33 8.57 27.83 13.06 0.23 
23 -6 B 34.94 17.42 33.56 15.89 0.80 
24 -6 B 54.94 16.37 64.61 15.84 0.08 
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25 -7 B 29.78 11.04 35.44 17.07 0.25 
26 -8 B 42.67 14.08 45.89 17.04 0.54 
27 -9 B 26.00 12.21 32.83 12.94 0.11 
28 -11 B 37.22 13.16 45.72 15.59 0.09 
29 -13 B 33.89 11.37 45.28 16.68 0.02 
30 -14 B 36.83 21.75 38.06 13.82 0.84 
Table 9: Means of rating scores (smile) of sex by patient 
 
Judges Preference Of Maxillary Incisors AP Position: 
In the last part of the rating procedure, judges were asked how they would like to change 
the anteroposterior (AP) position of the maxillary incisors for each subject. They were 
asked if they like the subject’s incisors to move forward, backward, or stay in the same 
position. In the green incisors group, most of the judges (79.4%) chose to keep the 
incisors in the current position. In the black incisors group, (60.80%) of the judges chose 
to move the incisors forward. In the red incisors group, (62.20%) of the judges chose to 
keep the incisors in the same position. The difference was significant for each group.   











B 2.3 60.8 36.9 <0.0001 
G 6.7 13.9 79.4 <0.0001 
R 22.6 15.3 62.2 <0.0001 
*p-value from chi-square test 
Table 10: Contingency table of GV position by Opinion 
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The table below shows how orthodontist and layperson judges were different in this part 
of the rating procedure. In the green incisors group, (86.7%) of the orthodontist judges 
and (75.8%) of the layperson judges chose to keep the incisors in the same current 
position. In the red incisors group, (58.3%) of the orthodontist judges and (64.1%) of the 
layperson judges chose to keep the incisors in the same current position. Only (30.2%) of 
the orthodontist judges and (18.8%) of the layperson judges wanted to move the incisors 
backward in the red incisors group. In the black incisors group, (73.5%) of the 
orthodontists and (54.4%) of the layperson judges wanted the incisors to move forward. 


















Backward Forward stay 
B 0 73.5 26.5 <0.0001 3.4 54.4 42.2 <0.0001 
G 3.3 10.0 86.7 <0.0001 8.3 15.8 75.8 <0.0001 
R 30.2 11.5 58.3 <0.0001 18.8 17.2 64.1 <0.0001 
*p-value from The Cochran-Mantel-Haenszel statistic 
 
Table 11: Contingency table of GV position by Opinion by Panel 
 
 
Intra-Rater Reliability:  
Since all the raters scored 10 photographs twice, the reliability of the ratings was tested 





CHAPTER 5: DISCUSSION 
 
Sample Distribution: 
Among the 30 Caucasian males recruited for this study, 5 subjects were categorized with 
green incisors (their incisors lie on the GV), 8 had red incisors (in front to the GV), and 
17 had black incisors (behind the GV line). The fact that there were more subjects having 
their incisors behind the GV reference agrees with Andrews finding that the optimal AP 
position of the maxillary central incisors lie between the FALL and GALL line [13]. 
However, a larger sample is necessary to validate this finding. In addition, the most 
common AP position can be considered the norm for this population, but not necessarily 
the most esthetically optimal position that should be considered as an objective for 
orthodontic treatment.    
 
Effect of AP maxillary incisor position on facial attractiveness: 
No significant differences in rating scores were found among the three groups of 
photographs by the 36 judges. However, there was a common trend that the judges rated 
the photographs highest in the following orders: Green incisors > Red incisors > Black 
incisors. These results reaffirm Element II of Andrews six elements philosophy that the 
anteroposterior (AP) position of the maxilla is optimal when the Facial Axis points (FA 
point) of maxillary incisors are on the GALL line [14]. Schlosser, et al. study (2005) 
studied a Caucasian female and found the least attractive anteroposterior (AP) position of 
the maxillary incisors is the most retracted position. They concluded that it is preferable 
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to leave a normally protrusive maxillary dentition where it is or advance rather than 
retract them [18]. However, after studying the 36 judges only nine judges (25%) showed 
a significant difference in judging the facial attractiveness of models in the different 
incisors groups. All those nine judges rated the subjects of the green incisors group as the 
most attractive, and subjects of the black incisors group as the least attractive. It is 
probably safe to say that maxillary incisors’ anteroposterior (AP) position doe s not 
always affect the facial attractiveness judgement, but when there is a significant 
difference green is usually the preferred position. The results of the second part of the 
rating procedure confirm this conclusion. Most judges viewing the photographs preferred 
green incisors to stay in the same position (79.4%), and preferred black incisors to move 
forward toward the Glabella Vertical (60.8%). In the red incisors group, (62.2%) of the 
judges preferred the teeth to stay in the same position showing better toleration of 
protracted (than retracted) incisors positions. 
It was an interesting finding in this study that the subject who received the best mean 
rating of facial attractiveness had incisors that are located 6 mm posterior to the Glabella 
Vertical line. The second best rating was given to a subject from the green incisors group, 
and the third best rating was given to a subject from the red incisors group. The worst 
three mean ratings were given to subjects in the black incisors group. We believe that the 
relationship between the anteroposterior (AP) of the maxillary incisors and facial 
attractiveness is not a simple linear relationship. Other face features also play a role (For 
example, hair style, eye shape, skin tone, nose shape, and chin protrusion). The 
anteroposterior position (AP) of maxillary incisors is only one of those features defining 
face attractiveness. It is possible that other distracters may have caused some judges to 
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miss the target variable (AP incisor position), resulting in a wide range of esthetic 
opinions and, subsequently a large standard deviation. It has also been reported that 
background facial attractiveness is more important than the dental condition in 
attractiveness ratings [34]. We tried in this study to decrease the effect of these features 
by changing the photographs colors and cropping the background, but removing those 
variables completely is impossible. Secord and Backman [36] reported that protrusion of 
the maxillary teeth was a relatively unimportant physical feature that was difficult to 
remember about a given person. To some observers, the small variations in an 
unimportant feature might limit the range of their responses [35]. 
 
Therefore, the second null hypothesis was accepted. The anteroposterior (AP) of the 
maxillary incisors is only one of many factors defining facial attractiveness. The AP of 
the maxillary incisors might not be a crucial factor in judging face attractiveness. 
However, there is a common trend. The optimal AP position of the maxillary incisors is 
when the Facial Axis points (FA point) are on the Glabella Vertical reference (green 
incisors). Incisors positioned anterior to the Glabella Vertical (red incisors) are more 
preferred than incisors positioned posterior to the Glabella Vertical (black incisors). 
 
Repose View VS Smiling View:  
Contemporary orthodontic diagnosis includes assessing the maxillary incisors display 
from the frontal view. In profile however, the maxillary incisors are not routinely 
assessed with regard to how they directly relate to the face. Instead, the soft tissue drape 
is relied on to reflect their position indirectly despite the potential unreliability of this 
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method [22]. In the Six Elements orthodontic philosophy, Andrews stressed the 
importance of using smiling profile, rather than repose profile, to evaluate the facial 
esthetics and the optimal AP position of the maxilla. We are not aware of another study 
that compared the facial attractiveness judgement in smiling profile view versus in 
repose. This study showed a significantly higher rating score for the photographs in 
repose versus the smiling photographs. However, if one looks at individual subject 
ratings, the difference was only significant in about half of the cases (53.33%). The 
attractiveness judgement was sometimes better and sometimes worse in the green and the 
red incisors groups, but the judgement was mostly (75% of the cases) worse in the black 
incisors group. We can only assume that the smiling profile view was more accurate to 
point out the least preferable AP position of the incisors, retracted position.  
  
The null hypothesis was rejected. We concluded that there is a difference in judgment of 
facial attractiveness when judged from smiling versus repose profile view, especially in 
patients with retracted maxillary incisors position. 
 
Orthodontists VS Layperson Raters:   
Various studies have tried to shed light on the effects of dental or orthodontic training on 
facial attractiveness judgement. Many studies reported that professionals and general 
public evaluate profiles similarly. Romani, et al. (1993) introduced incremental changes 
in male and female images to simulate the effects of mandibular advancement or set-
back, maxillary advancement or set-back, and maxillary impaction. A panel of 22 dental 
clinicians and 22 lay people completed questionnaires evaluating their level of sensitivity 
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to changes in the facial profiles and their preferences regarding alternative profiles [34]. 
Orthodontists and laypeople judges were similarly sensitive to small horizontal changes 
in maxillary position and nearly identically sensitive to changes of 3 mm or more [34]. 
Schlosser, et al. (2005) digitally manipulated a smiling profile picture to simulate 
maxillary protrusion and retrusion at 1 mm increments. 20 orthodontist and 20 lay people 
were asked to score the attractiveness of the altered photographs. They found that 
orthodontic training did not significantly affect the facial attractiveness rating judgement 
[18]. Cao, et al. altered the inclination and the anteroposterior (AP) position of the 
maxillary incisors on a photograph of a Chinese woman with a normal profile to generate 
a series of photographs that were judged by 21 orthodontic professionals and 66 
laypersons. As in the previous study, no significant discrepancy was found [19]. Ellis, et 
al. have digitally manipulated smiling profile photographs of three females, from three 
different racial backgrounds, to simulate forward and backward movements of soft tissue 
glabella. They asked 20 general dentists and 20 laypersons to judge the attractiveness of 
the photographs. Once again, professional and nonprofessional had similar assessment of 
attractiveness; however dental professionals seem to have a sharper eye for details than 
the laypersons [20]. Also in the study by Ghaleb, et al. et al. 3 groups including dentists, 
orthodontists, and laypeople scored the attractiveness of smiling profile photographs 
based on maxillary incisor inclinations. They found no significant differences between 
the professional and nonprofessional groups in terms of their assessments [33]. On the 
contrary, some researchers reported different assessment. Arqoub, et al. did a study to 
evaluate the influence of changing the AP and vertical proportions of the lower face on 
facial attractiveness. They found a significant difference between dentists and lay people 
 64 
in judgment of profile attractiveness [23]. In another study Najafi, et al. (2015) studied a 
smiling profile photograph of one male subject with normal profile. They digitally 
manipulated mandibular sagittal positions and inclination of the maxillary incisors. 72 
senior dental students, 24 orthodontists, 21 maxillofacial surgeons, 25 prosthodontists, 
and 92 laypeople were asked to score attractiveness of each photograph. This study also 
showed a significant difference in rating between different professional panels [24]. 
 
In the current study, no significant differences were found between orthodontists and 
laypeople judgement in term of facial attractiveness. However, a significant difference in 
the facial attractiveness judgement was found between orthodontist and layperson panels 
in seven cases (23.33%). Generally, orthodontists were more likely to give better 
attractiveness score for subjects than layperson judges. Interestingly, both panels of 
judges rated subjects of the green incisors groups as the most attractive. The orthodontist 
judges scored subjects of the red incisors group better than subjects of the black incisors 
group. Layperson judges were not able to differentiate between subjects in the red and 
black incisors groups in term of facial attractiveness. The idea that orthodontists are more 
educated and experienced in profile assessment than the lay public seems to be sound, 
orthodontists might have sharper eye for noticing profile details. However, the difference 
is not statistically significant. In the second part of the rating procedure, when the judges 
asked about their preference to change the AP position of the maxillary incisors, (86.7 %) 
of the orthodontists and (75.8 %) of the layperson raters wanted green incisors to stay in 
the same position. Also, (75.5%) of the orthodontists and (54.4%) of the layperson raters 
wanted black incisors to move forward. These results confirm our conclusion that both 
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panels agrees upon preferred maxillary incisors position, and that orthodontically trained 
people might have better awareness of face details.  
 
This part of null hypothesis was accepted and we concluded that there is no difference in 
term of facial attractiveness judgment between orthodontically trained raters and 
laypeople raters. 
 
Males VS Females Raters: 
In orthodontic literature, few studies were found that compared males versus female 
judges in term of facial attractiveness judgement. Najafi, et al. found no significant 
differences between the male and female judges in ratings profile images [24]. This 
finding is similar to the studies of Ghaleb,et al.[33] and Arqoub,et al.[23]. On the other 
hand, Turkkahraman and Gokalp (2004) concluded that sex had an effect on the profile 
preferences in the Turkish population, and significant differences were observed between 
the sexes [37].  
 
In our sample of judges, we randomly selected 18 male and 18 female judges. The 
attractiveness ratings of the male and female judges trended similarly. Sex of the judge 
does not seem to have significant effect on the facial attractiveness judgement.  The null 
hypothesis was accepted. We concluded that the concept of profile attractiveness is 
similar between male and female raters and that judge’s sex does not significantly affect 
the profile attractiveness judgement. 
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Intra-Rater Reliability:  
The reliability of the ratings was tested using intra-class correlation coefficients: 0.86 
indicating a high level of intra-raters reliability. The profile attractiveness judgement is 





CHAPTER 6: SUMMARY AND CONCLUSIONS 
Summary: 
The specific aims of this study were to investigate about the most esthetically optimal 
anteroposterior (AP) position of the maxillary incisors in Caucasian males, and how this 
position is related to the Glabella Vertical reference. Furthermore, the study tried to 
analyze the differences in assessing attractiveness from smiling profile view versus 
repose profile view, orthodontists versus laypeople, and male versus female judges. We 
photographed 30 model subjects in smiling and repose profile positions, and included 36 
judges (6 male orthodontists, 6 female orthodontists, 12 male lay judges, and 12 female 
lay judges) to rate the facial attractiveness in each photograph. Statistical analysis was 
performed for all the variables, with several variables showing statistical significance. 
 
Findings from the study regarding the Null hypotheses concluded: 
1. There is no difference in judged facial attractiveness of Caucasian males between 
smiling profiles and repose profiles. ACCEPTED 
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2. There is no difference in judged facial attractiveness of Caucasian males with 
various anteroposterior (AP) positions of the maxillary incisors relative to Glabella 
Vertical (GV). REJECTED 
3. There is no difference between male versus female judgment of facial attractiveness 
of Caucasian males with various anteroposterior (AP) positions of the maxillary 
incisors relative to Glabella Vertical (GV). ACCEPTED 
4. There is no difference between orthodontist versus layperson judgment of facial    
        attractiveness of Caucasian males with various anteroposterior (AP) positions of the   
        maxillary incisors relative to Glabella Vertical (GV). ACCEPTED 
 
Conclusions:  
1. There is no significant difference in facial attractiveness judgement among Caucasian 
males with various anteroposterior (AP) positions of the maxillary anterior teeth. The 
AP of the maxillary incisors might not be a crucial factor in judging face 
attractiveness.  
2. There is an esthetically optimal AP position of the maxillary incisors in Caucasian 
males when evaluated from smiling profile view. The AP position of the maxillary 
incisors is optimal when the Facial Axis points (FA point) are on the Glabella 
Vertical reference (green incisors).  
3. In Caucasian males, Incisors positioned anterior to the Glabella Vertical (red incisors) 
are more preferred than incisors positioned posterior to the Glabella Vertical (black 
incisors). 
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4. There is a difference in facial attractiveness judgment when judged from smiling 
versus repose profile view, especially in patients with retracted maxillary incisors. 
Smiling profile view is recommended to clinically evaluate profile esthetics.  
5. There is no significant difference in term of facial attractiveness judgment between 
orthodontically trained and laypeople raters.  
6. There is no significant difference in term of facial attractiveness judgment between 
male and female raters. The sex of the rater does not significantly affect the profile 
esthetic perception. 
 
CHAPTER 7: SUGGESTIONS FOR FUTURE RESEARCH 
 
There is an obvious need for more research in this area. This study should be repeated 
with a larger sample in order to see if some of the trends that were observed are 
significant and failed to reach significance due to small sample size. Moreover, fewer 
variables must be studied each time to decrease distracters that might affect drawing 
useful conclusions. Also the study should be repeated with different subject’s races and 
judge’s cultural backgrounds, since both are factors that can affect the attractiveness 
perception of the individual.  
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APPENDIX D-Raw Data: 
 
 
Table1 Means of ranking scores of views by patient 
 
Patient GV position             REPOSE SMILE p-
value* 
MEAN SD MEAN SD  
1 0 G 41.9 15.5 34.0 16.5 .02 
2 0 G 46.4 11.8 44.3 13.7 .39 
3 0 G 37.2 11.3 30.6 17.8 .06 
4 0 G 35.3 15.7 40.0 15.9 .07 
5 0 G 49.0 9.0 34.2 12.2 <.0001 
6 1 R 16.1 12.8 27.6 13.6 .0004 
7 2 R 29.6 11.8 34.7 13.6 .08 
8 3 R 43.4 9.6 36.3 11.9 .008 
9 4 R 44.6 13.0 40.4 16.5 .13 
10 5 R 12.1 12.1 15.9 11.3 .07 
11 5 R 24.4 14.1 32.4 13.3 .002 
12 6 R 23.1 11.7 19.9 15.1 .24 
13 10 R 13.4 12.1 17.2 11.1 .12 
14 -1 B 30.5 13.5 40.0 14.1 .002 
15 -2 B 29.3 15.8 41.9 9.6 <.0001 
16 -3 B 37.4 15.5 28.3 20.4 <.0001 
17 -3 B 47.5 14.4 28.4 15.6 <.0001 
18 -3 B 27.6 15.2 10.1 9.6 <.0001 
19 -3 B 21.6 10.6 19.3 10.6 .28 
20 -4 B 6.2 4.3 7.9 11.7 .40 
21 -5 B 34.5 13.1 34.6 12.0 .96 
22 -5 B 24.4 13.9 12.2 8.0 <.0001 
23 -6 B 27.2 17.5 23.2 15.0 .18 
24 -6 B 54 5.5 47.6 11.4 .002 
25 -7 B 19.3 13.7 20.2 12.3 .71 
26 -8 B 41.9 13.4 33.4 16.1 .0003 
27 -9 B 26.2 12.9 17.1 13.5 .001 
28 -11 B 40.6 13.9 29.3 13.9 .002 
29 -13 B 37.3 12.0 27.2 14.3 .004 
30 -14 B 16.6 11.7 26.5 15.6 .0002 







Table2 Means of ranking scores of panel by patient 
 




MEAN SD MEAN SD  
1 0 G 47.42 10.73 33.27 16.79 0.0001 
2 0 G 45.79 13.56 45.13 12.47 0.84 
3 0 G 36.17 15.65 32.77 14.94 0.37 
4 0 G 26.38 16.67 43.27 12.20 <0.0001 
5 0 G 47.42 13.20 39.42 12.60 0.01 
6 1 R 18.54 12.23 23.50 15.14 0.17 
7 2 R 33.33 13.26 31.58 12.85 0.60 
8 3 R 40.96 12.47 39.31 10.83 0.57 
9 4 R 50.50 10.22 38.54 15.35 0.001 
10 5 R 14.33 12.40 13.85 11.53 0.88 
11 5 R 33.46 11.54 25.92 14.78 0.03 
12 6 R 27.08 13.58 18.69 12.76 0.01 
13 10 R 17.21 13.10 14.31 10.96 0.33 
14 -1 B 38.38 13.09 33.65 15.05 0.19 
15 -2 B 30.42 16.77 38.19 12.52 0.03 
16 -3 B 23.08 17.45 37.75 17.27 0.001 
17 -3 B 36.92 16.20 38.46 18.56 0.73 
18 -3 B 18.63 14.08 18.98 16.08 0.93 
19 -3 B 25.17 9.43 18.08 10.47 0.007 
20 -4 B 10.04 10.99 5.60 7.12 0.08 
21 -5 B 37.38 13.13 33.17 12.05 0.18 
22 -5 B 24.38 13.41 15.27 11.47 0.003 
23 -6 B 24.75 11.36 25.42 18.40 0.85 
24 -6 B 47.25 13.03 52.58 6.59 0.02 
25 -7 B 11.54 8.70 23.81 12.80 <0.0001 
26 -8 B 31.00 15.94 40.94 14.02 0.009 
27 -9 B 23.00 14.19 20.96 13.79 0.56 
28 -11 B 30.17 16.00 37.38 13.96 0.05 
29 -13 B 28.38 15.31 34.17 13.15 0.10 
30 -14 B 19.13 15.26 22.77 14.19 0.32 








Table 3 Means of ranking scores of sex by patient 
Patient GV position Male Female p-
value* 
MEAN SD MEAN SD  
1 0 G 39.25 13.91 36.72 18.67 0.52 
2 0 G 43.83 13.89 46.86 11.49 0.32 
3 0 G 33.42 16.35 34.39 14.08 0.79 
4 0 G 37.58 15.16 37.69 16.82 0.98 
5 0 G 42.61 12.36 41.56 14.27 0.74 
6 1 R 18.36 11.22 25.33 16.32 0.04 
7 2 R 30.94 12.87 33.39 13.03 0.43 
8 3 R 39.94 12.18 39.78 10.62 0.95 
9 4 R 44.03 15.00 41.03 14.86 0.40 
10 5 R 13.06 10.64 14.97 12.83 0.49 
11 5 R 28.42 14.27 28.44 14.27 0.99 
12 6 R 21.94 13.92 21.03 13.33 0.78 
13 10 R 13.67 9.31 16.89 13.64 0.25 
14 -1 B 33.28 14.79 37.17 14.16 0.26 
15 -2 B 40.75 12.79 30.44 14.31 0.002 
16 -3 B 33.81 19.95 31.92 17.29 0.67 
17 -3 B 36.89 16.87 39.00 18.69 0.62 
18 -3 B 17.14 13.41 20.58 17.07 0.34 
19 -3 B 20.44 10.95 20.44 10.42 1.00 
20 -4 B 5.17 4.48 9.00 11.35 0.07 
21 -5 B 32.53 13.61 36.61 11.07 0.17 
22 -5 B 16.58 12.20 20.03 13.33 0.26 
23 -6 B 32.56 17.22 17.83 11.48 0.0001 
24 -6 B 49.50 9.82 52.11 9.11 0.25 
25 -7 B 19.72 10.89 19.72 14.84 1.00 
26 -8 B 40.53 13.85 34.72 16.34 0.11 
27 -9 B 19.64 13.30 23.64 14.30 0.22 
28 -11 B 35.50 14.17 34.44 15.89 0.77 
29 -13 B 34.14 14.73 30.33 13.31 0.25 
30 -14 B 21.89 15.33 21.22 13.94 0.85 








Table 4 Mixed model analysis of ranking scores by patient. Test of main effects for rater 




































4 0.001 0.44 0.51 
0.00
04 0.99 1.45 0.24 
1.12 0.26 
2 1.89 0.18 0.03 0.86 0.73 0.40 2.66 0.11 0.03 0.86 1.95 0.05 









1 8.53 0.006 0.17 0.69 0.02 0.88 4.76 0.04 
1.11 0.27 
6 15.54 0.0004 2.40 0.13 5.33 0.03 0.25 0.62 3.76 0.06 0.27 0.79 
7 1.65 0.21 0.27 0.61 0.59 0.45 1.38 0.25 0.79 0.38 0.57 0.57 
8 7.79 0.009 0.36 0.55 0.004 0.95 0.08 0.78 3.09 0.09 0.15 0.88 
9 1.92 0.17 9.02 0.005 0.64 0.43 0.03 0.85 0.98 0.33 1.66 0.10 
10 2.32 0.14 0.02 0.89 0.32 0.57 0.30 0.59 0.17 0.68 2.32 0.02 
11 7.19 0.01 3.40 0.07 0.00 0.99 3.54 0.07 0.28 0.60 2.53 0.01 
12 1.34 0.26 5.24 0.03 0.07 0.79 0.02 0.88 0.19 0.67 1.23 0.22 
13 2.86 0.10 0.79 0.38 1.10 0.30 0.45 0.51 0.03 0.86 1.29 0.20 




1 6.01 0.02 11.89 0.002 
20.1

















1 0.01 0.92 1.12 0.30 0.14 0.71 0.02 0.89 
0.84 0.40 
19 0.72 0.40 6.09 0.02 0.00 1.00 0.30 0.58 0.22 0.64 1.30 0.19 
20 2.97 0.09 4.47 0.04 3.75 0.06 6.17 0.02 3.50 0.07 0.50 0.61 






0 0.001 2.01 0.17 2.25 0.14 0.52 0.48 
-0.11 0.91 




1 5.32 0.03 1.44 0.24 
11.3





6 0.0008 0.00 1.00 0.53 0.47 0.17 0.69 
1.31 0.19 
26 12.52 0.0012 5.03 0.03 1.93 0.17 0.31 0.58 0.12 0.73 2.88 0.004 
27 13.13 0.001 0.29 0.59 1.27 0.27 1.41 0.24 0.03 0.87 1.57 0.12 






Table 5 2 Adjusted multiple comparison of Least square (LS) means of ranking scores for 
patient with significant panel * view interaction  
 ORTHODONTIST LAYPEOPLE 
Patien
t 




















3 45.00ac 4.23 27.33a 4.23 33.29c 2.99 32.25 2.99 
15 18.17ac 3.06 42.67a 3.06 34.88bc 2.16 41.50b 2.16 
20 6.00a 2.32 14.08ad 2.32 6.33 1.64 4.88d 1.64 
24 54.42a 2.38 40.08ad 2.38 53.79 1.68 51.38d 1.68 
29 38.33a 3.45 18.42ad 3.45 36.75 2.44 31.58d 2.44 
Significant p-value for multiple comparison of panel * view interaction 
a Repose vs. smile for orthodontist.  
bRepose vs. smile for laypeople 
cOrthodontist vs. laypeople for repose 




Table 6 Adjusted multiple comparison of Least square (LS) means of ranking scores for 
patient with significant sex * view interaction  















Std Err LS 
MEAN 







5 49.56a 2.43 38.33a 2.43 53.11b 2.43 32.67b 2.43 
15 34.05ac 2.57 44.86a 2.57 18.99bc 2.57 39.31b 2.57 
16 33.20 4.11 29.52 4.11 37.09b 4.11 21.85b 4.11 
23 37.91ac 3.52 26.98a 3.52 16.47c 3.52 18.98 3.52 
29 43.38ac 2.91 22.97a 2.91 31.71c 2.91 27.03 2.91 
Significant p-value for multiple comparison of sex* view interaction 
a Repose vs. smile for orthodontist.  
bRepose vs. smile for laypeople 
cOrthodontist vs. laypeople for repos 
 
29 16.92 0.0002 3.90 0.06 1.89 0.18 5.85 0.02 7.48 0.01 -0.22 0.82 
30 15.23 0.0004 0.75 0.39 0.03 0.87 0.21 0.65 0.04 0.84 2.33 0.02 
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GV Position  
 
p-value* 
Black Green Red 
Mean SD Mean SD Mean SD 
1 27.00 17.00 36.00 6.71 23.25 19.53 0.41 
2 19.35a 14.00 42.00a 19.04 29.88 14.91 0.02 
3 20.59a 16.87 41.40a 12.90 31.88 17.31 0.04 
4 25.29ac 14.48 46.40a 10.60 41.00
c 
12.96 0.005 
5 32.41 19.50 31.60 8.62 21.75 16.72 0.37 
6 26.00 16.02 35.40 19.71 33.13 18.90 0.46 
7 29.76 18.88 19.60 15.34 23.38 16.10 0.466 
8 29.47 18.57 25.00 12.17 30.00 10.39 0.84 
9 20.12a 12.27 47.60a 7.30 31.50 18.08 0.001 
10 27.88 19.25 43.00 14.11 29.00 16.59 0.26 
11 24.47 18.11 35.00 14.42 30.50 23.63 0.51 
12 25.41a 19.46 50.40ab 10.06 25.63
b 
7.71 0.002 
13 25.18 16.97 33.60 25.94 32.13 15.27 0.54 
14 28.41 18.76 35.60 20.16 23.63 11.50 0.49 
15 30.82 19.04 45.20 8.58 23.25 14.64 0.09 
16 26.88 14.66 42.00 11.58 30.88 20.79 0.20 
17 22.59 18.20 37.40 16.24 36.75 13.65 0.08 
18 28.59 18.49 34.00 19.95 27.88 18.22 0.82 
19 28.41 16.63 30.80 13.54 25.88 16.49 0.86 
20 26.71 17.53 31.20 19.59 28.88 17.97 0.88 
21 29.65 15.94 23.40 17.99 25.88 18.00 0.73 
22 26.12 15.58 22.80 19.87 34.13 21.22 0.47 
23 29.88 19.24 35.20 14.24 18.00 11.26 0.16 
24 24.88 18.52 25.20 10.03 24.25 17.42 0.99 
25 26.24a 18.10 48.40a 12.48 26.50 11.60 0.03 
26 21.24a 15.13 44.40a 13.13 32.50 9.55 0.006 
27 29.29 18.42 37.80 16.04 33.50 18.43 0.63 
28 30.65 16.81 26.60 21.22 22.38 15.77 0.54 
29 28.59 19.23 42.40 13.74 25.63 16.64 0.24 
30 24.53 17.46 40.00 14.34 27.13 14.94 0.20 
31 26.24 16.94 34.80 13.72 28.50 15.76 0.59 
32 30.24 18.44 38.20 15.45 22.63 16.35 0.30 
33 25.59 17.01 37.60 21.04 29.38 16.82 0.42 
34 30.12 18.06 33.00 17.73 21.88 14.23 0.44 
35 21.12a 14.87 49.40ab 10.14 27.50
b 
18.10 0.004 
36 17.47 14.77 36.00 18.28 29.63 14.19 0.04 
*p-value from ANOVA test. 
Significant p-value for multiple comparison of GV position: 
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a Black vs. Green position.  
b Green vs. Red position 
c Black vs. Red position 
 
 
Table 8 Mixed model analysis of ranking scores for all patients. Test of main effects for 
rater (panel), panel, sex, view, panel* view, sex *view interaction 
source NDF DDF F Pr>F 
Fixed Effect     
View 1 2092 23.54 <0.0001*** 
Panel 1 33 0.28 0.5937 
Sex 1 33 0.01 0.9395 
Panel*View 1 2092 1.68 0.1954 
Sex*View 1 2092 1.25 0.2640 
   Z Pr>Z 
Random 
Effect 
    
Rater(Panel)   -31.33 <0.0001 
Patient   3.71 0.0002 
 
Table 9 Least Square means of ranking scores on view for all patients  
Repose Smile 








Table 10 Mixed model analysis of ranking scores for all patients. Test of main effects for 
rater (panel), patient, panel, sex, GVP , panel* GVP, sex *GVP  interaction 
source NDF DDF F Pr>F 
Fixed Effect     
GVP 2 27.4 2.17 0.1333 
Panel 1 80.3 0.00 0.9746 
Sex 1 80.3 0.78 0.3788 
Panel*GVP 2 1011 3.47 0.0315* 
Sex*GVP 2 1011 1.18 0.3067 
     
   Z Pr>Z 
Random Effect     
Rater(Panel)   -3.93 <0.0001 





Table 11 Multiple comparison for Panel*GV position interaction 
Orthodontist Lay-people 

























24.5ab 2.5 36.4a 4.7 30.0 3.7 27.2b 2.4 36.7 4.5 27.1 3.6 
Significant p-value for multiple comparison of panel*GVP  
a Black vs. Green GV position for orthodontist.  
b Orthodontist vs Lay-people for Black GV position 
 
 
Table12 Means of rating scores for smile by patient 
Patient GV Position MEAN SD 
1 0 G 47.69 21.78 
2 0 G 56.17 19.74 
3 0 G 42.92 16.93 
4 0 G 51.39 19.76 
5 0 G 45.08 16.46 
6 1 R 41.00 18.97 
7 2 R 45.50 17.76 
8 3 R 47.39 18.38 
9 4 R 54.56 23.32 
10 5 R 27.44 12.24 
11 5 R 44.61 15.96 
12 6 R 34.36 20.18 
13 10 R 28.69 13.64 
14 -1 B 53.47 19.75 
15 -2 B 52.44 13.67 
16 -3 B 39.75 20.79 
17 -3 B 40.19 17.93 
18 -3 B 22.81 11.97 
19 -3 B 32.39 16.17 
20 -4 B 19.00 17.23 
21 -5 B 45.89 16.63 
22 -5 B 25.58 11.12 
23 -6 B 34.25 16.45 
24 -6 B 59.78 16.62 
25 -7 B 32.61 14.46 
26 -8 B 44.28 15.49 
27 -9 B 29.42 12.88 
28 -11 B 41.47 14.86 
29 -13 B 39.58 15.20 
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Table 13 Means of rating scores (smile) of panel by patient 
Patient GV position             
Orthodontist 
Lay-people P-value* 
MEAN SD MEAN SD 
1 0 G 62.00 18.85 40.54 19.79 0.04 
2 0 G 59.33 21.98 54.58 18.82 0.50 
3 0 G 44.00 18.39 42.38 16.53 0.79 
4 0 G 46.33 20.13 53.92 19.50 0.28 
5 0 G 55.67 20.72 39.79 10.91 0.03 
6 1 R 41.17 17.99 40.92 19.82 0.97 
7 2 R 49.67 22.80 43.42 14.76 0.33 
8 3 R 53.08 23.77 44.54 14.78 0.19 
9 4 R 68.50 19.15 47.58 22.36 0.01 
10 5 R 26.75 16.01 27.79 10.24 0.81 
11 5 R 50.25 17.01 41.79 14.98 0.14 
12 6 R 42.33 19.09 30.38 19.89 0.09 
13 10 R 31.08 14.67 27.50 13.25 0.47 
14 -1 B 60.00 21.35 50.21 18.50 0.16 
15 -2 B 58.75 16.80 49.29 10.88 0.05 
16 -3 B 28.75 18.33 45.25 20.06 0.02 
17 -3 B 47.42 16.74 36.58 17.73 0.09 
18 -3 B 22.33 11.67 23.04 12.36 0.87 
19 -3 B 42.00 18.25 27.58 12.89 0.01 
20 -4 B 28.67 22.85 14.17 11.35 0.06 
21 -5 B 49.83 19.28 43.92 15.20 0.32 
22 -5 B 32.17 10.33 22.29 10.16 0.01 
23 -6 B 36.42 15.42 33.17 17.16 0.58 
24 -6 B 58.08 18.67 60.63 15.85 0.67 
25 -7 B 27.33 9.15 35.25 16.01 0.12 
26 -8 B 42.00 14.46 45.42 16.16 0.54 
27 -9 B 31.67 9.12 28.29 14.44 0.47 
28 -11 B 38.92 14.93 42.75 14.97 0.47 
29 -13 B 33.83 13.37 42.46 15.51 0.11 
30 -14 B 37.50 19.86 37.42 17.40 0.99 









Table 14 Means of rating scores (smile) of sex by patient 
 
Patient GV position         Male Female P-value* 
MEAN SD MEAN SD 
1 0 G 48.33 22.78 47.06 21.37 0.86 
2 0 G 50.17 19.83 62.17 18.25 0.07 
3 0 G 40.94 18.59 44.89 15.37 0.49 
4 0 G 46.56 21.93 56.22 16.54 0.14 
5 0 G 45.00 16.60 45.17 16.79 0.98 
6 1 R 32.11 12.32 49.89 20.54 0.004 
7 2 R 42.94 17.89 48.06 17.76 0.40 
8 3 R 42.61 18.18 52.17 17.79 0.12 
9 4 R 51.33 24.12 57.78 22.70 0.41 
10 5 R 24.39 12.18 30.50 11.84 0.14 
11 5 R 41.50 15.25 47.72 16.47 0.25 
12 6 R 31.83 16.38 36.89 23.59 0.46 
13 10 R 24.72 13.14 32.67 13.30 0.08 
14 -1 B 47.72 21.96 59.22 15.83 0.08 
15 -2 B 51.39 14.34 53.50 13.30 0.65 
16 -3 B 39.44 23.35 40.06 18.56 0.93 
17 -3 B 38.17 15.11 42.22 20.61 0.51 
18 -3 B 20.44 9.53 25.17 13.87 0.24 
19 -3 B 28.50 14.73 36.28 17.00 0.15 
20 -4 B 14.00 8.15 24.00 22.18 0.09 
21 -5 B 43.67 17.55 48.11 15.84 0.43 
22 -5 B 23.33 8.57 27.83 13.06 0.23 
23 -6 B 34.94 17.42 33.56 15.89 0.80 
24 -6 B 54.94 16.37 64.61 15.84 0.08 
25 -7 B 29.78 11.04 35.44 17.07 0.25 
26 -8 B 42.67 14.08 45.89 17.04 0.54 
27 -9 B 26.00 12.21 32.83 12.94 0.11 
28 -11 B 37.22 13.16 45.72 15.59 0.09 
29 -13 B 33.89 11.37 45.28 16.68 0.02 
30 -14 B 36.83 21.75 38.06 13.82 0.84 


















B 2.3 60.8 36.9 <0.0001 
G 6.7 13.9 79.4  
R 22.6 15.3 32.7  
*p-value from chi-square test 
 
Table 15 Contingency table of GV position by Opinion by Panel 
 GV 
Position 












Stay Forward Backward 
B 0 73.5 26.5 <0.0001 3.4 54.4 42.2 <0.0001 
G 3.3 10.0 86.7  8.3 15.8 75.8  
R 30.2 11.5 58.3  18.8 17.2 64.1  
*p-value from The Cochran-Mantel-Haenszel statistic 
 
Table 16 Contingency table of GV position by Opinion by Panel 





























































































































Mean ranking scores of GV position by rater 
Black
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